In each section below, we briefly describe the 9 ecosystems we compared in terms of location, system type, key species and fisheries, important changes over time and key environmental influences.
Atlantic Oscillation (NAO) determines the inflow strength of Atlantic water, which affects the water temperature and salinity. Further, this affects the amount of ice in the Barents Sea (Skjoldal et al. 2004 , Sakshaug et al. 2009 ).
Eastern Scotian Shelf (Canada)
The Eastern Scotian Shelf ecosystem is an area defined by the Maritimes Region Groundfish Chionoecetes opilio and shrimp. These species have increased in abundance since the collapse of groundfish, probably owing to a combination of predator release and cooler water temperatures. The otter trawl was the primary trawl for groundfish and flatfishes. Other demersal trawls and a variety of gear (e.g. longline and gill nets) were also used. Shrimp trawls are used for shrimp, traps in the snow crab and lobster fisheries and dredges for clams and sea scallops.
Since the 1950s, exploitation of groundfish has been intense. In the early 1990s, the cod stock collapsed, other groundfish species experienced serious declines and the ecosystem switched from one dominated by demersal fishes to one dominated by forage species such as American sand lance
Ammodytes americanus and A. dubius, herring and invertebrates such as shrimp, snow crab and clams.
In addition, the grey seal Halichoerus grypus population increased exponentially since the early 1970s.
There have been significant fishing impacts with decreases in fish size, trophic level and proportion of predatory fish. The hydrographic environment of the Scotian Shelf is governed largely by its location near the confluence of 3 major currents, a shelf current, which brings cool fresh water primarily from the Gulf of St. Lawrence, the Labrador Current, which brings cold fresh water from the north along the edge of the shelf, and the Gulf Stream, which brings warm salty water from the south. The Gulf Stream does not contact the Scotian Shelf directly. However, Gulf Stream water mixes with Labrador Current water over the continental slope so that the water along the shelf edge (slope water) is cooler and fresher in the northeast and warmer and saltier in the southwest. Shelf-bottom is also an important factor affecting the hydrographic environment. It consists of a series of submarine banks and crossshelf channels along the outer shelf and basins and troughs along the central shelf that limit and guide the near-bottom flow. The deep basins on the central shelf are directly influenced by the slope water, where the water properties are determined by interactions between the Labrador Slope Water Current (Breeze et al. 2002 , Shackell & Frank 2003 , Drinkwater & Gilbert 2004 , Bundy 2005 , Bundy & Fanning 2005 , Zwanenburg et al. 2006 , Head & Pepin 2010 .
Western Scotian Shelf (Canada)
The Western Scotian Shelf ecosystem is an area defined by the Maritimes Region Groundfish Survey of NAFO Divisions 4X. It extends from Halifax Line south to the shelf break in the southwest, then west into and including the Bay of Fundy. This is a temperate ecosystem and traditionally had the same fisheries as the eastern Scotian Shelf described above. This system has seen changes in species composition, with reductions in the biomass of groundfish and flatfish, increases in some invertebrates and expansion of grey seals from the eastern Scotian Shelf onto the western Scotian Shelf. These changes have been accompanied by reductions in mean weight and length at age for some key commercial fisheries stock. These changes are not as severe as those observed on the eastern Scotian Shelf. The western Scotian Shelf is subject to a similar hydrographic environment as the eastern Scotian Shelf. However, it is more influenced by the Gulf Stream, which brings warm salty water from the south. The Gulf Stream does not contact the Scotian Shelf directly. However, Gulf Stream water mixes with Labrador Current water over the continental slope so that the water along the shelf edge (Slope Water) is cooler and fresher in the northeast and warmer and saltier in the southwest.
Furthermore the Bay of Fundy is subject to very large tides, ranging from a mean height of 6 m (maximum, 8 m) in the outer bay to a mean height of 11.9 m (maximum, 16 m) in the inner bay, the highest in the world. These high tides generate intense vertical mixing caused by bottom turbulence and generate high levels of marine productivity (Garrett et al. 1978 , Breeze et al. 2002 , Shackell & Frank 2003 , Drinkwater & Gilbert 2004 , Bundy 2005 , Bundy & Fanning 2005 , Zwanenburg et al. 2006 , Head & Pepin 2010 , Shackell et al. 2010 . Otter trawls and Danish and Scottish seines were the primary mobile gear for groundfish and flatfish fisheries beginning in the 1950s. There has also been a large fixed gear sector involving mainly longlines and gill nets, traps in the snow crab and lobster fisheries and dredges for clams and sea scallops. Since the 1950s, exploitation of groundfish has been intense. In the early 1990s, the cod stock collapsed, other groundfish species experienced serious declines and the ecosystem switched from one dominated by demersal fishes to one dominated by forage species such as sand lance, herring, and invertebrates such as shrimp, snow crab and clams. In addition, the grey seal population increased exponentially since the early 1970s. There have been significant fishing impacts with decreases in fish size, trophic level and proportion of predatory fish. The Gulf of St. Lawrence is considered an inland sea. With a drainage basin that includes the Great Lakes, the Gulf receives more than half of the freshwater inputs from the Atlantic Coast of North America. The southern portion of the Gulf includes waters of varied depths, from large expanses of shallows covered by cold water (<0 to 2°C) in the south to the more than 300 m deep Laurentian Channel, covered by warm (4°C) and salty bottom water.
Bottom temperatures on the shallows are influenced by in situ cooling and the influx of Labrador shelf water. Changes in the extent and temperature of that cold water mass greatly influence the community composition of the system. The southern Gulf of St. Lawrence has the farthest regular annual extension of sea ice in the north Atlantic during winter, yet largely has the warmest surface water temperatures in Atlantic Canada during the summer. The conditions in this unique setting are suitable for a highly diverse and productive biological community that is composed of a mixture of estuarine and marine, and subtropical to subarctic species (Dufour & Ouellet 2007 , Benoit & Swain 2008 , Swain & Chouinard 2008 , Dufour et al. 2010 , Ruppert et al. 2010 ; www.glf.dfo-mpo.gc.ca/e0006090). The otter trawl is the primary trawl for groundfish and flatfishes. Other demersal trawls and a variety of gear (e.g. longline and gill nets) are also used. Midwater trawls and purse seines are the primary fisheries methods used to fish pelagic species. Small-mesh otter trawls are used on squids, and scallop dredges are used on sea scallops. The system changed from one dominated by flatfish and gadids to one dominated by small pelagics and elasmobranchs. Also, the community shifted from a demersal one to a pelagic one. The major perturbations were: (1) the arrival and subsequent departure of the distant water (international) fleets, with an estimated 50% decline in fish biomass during this time period, and (2) the 200 mile (322 km) limit extended jurisdiction in 1977 combined with modernization and increased capacity of the domestic fleet, which reduced groundfish to historically low levels. Recently, there has also been a documented shift in some fish populations, probably due to a change in temperature. Zooplankton composition shifted between the 1980s and 1990s coinciding with a major change in surface layer salinity. Movement of deep slope water into the Gulf of Maine through the northeast channel carries a steady supply of nutrients, which is interrupted by summer stratification. Nutrient-poor Labrador Shelf water is occasionally transported from the north by intense negative NAO, and intrusion of fresh water from ice melting in the Gulf of St. Lawrence and the Arctic has recently occurred (Schlitz & Cohen 1984 , Uchupi & Austin 1987 , Townsend et al. 2004 , Nye et al. 2009 , Lucey & Nye 2010 .
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The Gulf of Alaska is a large (~300000 km 2 ) relatively narrow continental shelf system with shallow banks incised by deep gullies. It is bordered to the west by the Aleutian Islands, to the north by Alaska and to the east by British Columbia, and extends into the deep basin to about 52° N latitude.
The Gulf of Alaska continental shelf is an ice-free sub-Arctic system in which overall downwelling is driven by the strong Alaska Stream/subarctic gyre circulation, but seasonal and localized upwelling is (Hood & Zimmerman 1986 , Stabeno et al. 2004 , Gaichas 2006 , Gaichas et al. 2011 .
Eastern Bering Sea
The Eastern Bering Sea is a broad (>500 km), shallow (<200m), large (~500000 km 
